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(54) Method and apparatus for imaging an object 



(57) The present invention concerns methods and 
apparatuses for imaging an object by detecting radiation 
reflected from and/or transmitted through the object (O; 
P'M) using an imaging sensor system. To perform an 
optimized selection between the imaging resolution and 
the sensitivity of the imaging sensor, the sensor system 
is configured by means of a control scheme based on 
combining, or binning, the radiation-responsive Imaging 
elements of the imaging sensor along the rows and/or 
columns of the sensor matrix into clusters of a plurality 
of imaging elements. The sensor pixel charges, which 
represent the image information obtained from the Indi- 
vidual imaging elements of said clusters, are straight- 
forwardly binned into the clusters in their charge form. 
According to a second method of the invention, the TDI- 
mode imaging technique is applied and a mutual, rela- 



tive motion is arranged between object to be imaged and 
the imaging sensor. The charge-mode image, which Is 
formed from the object to be imaged on the CCD sensor 
elements, is transferred at the same speed with said rel- 
ative movement and the image information gathered 
from the object is accumulated for an extended time si- 
multaneously achieving an increased sensitivity of the 
sensor. The physical pixel size of the sensor is selected 
smaller than that required to achieve the maximum res- 
olution required from sensor and that the image blur 
caused by the relative movement between the object to 
be Imaged and the imaging sensor is reduced by shifting 
the pixel charges in synchronized steps corresponding 
to the physical size of the CCD sensor pixels, whereby 
the tracking of the relative movement between the ob- 
ject to be Imaged and the CCD sensor occurs with max- 
imum accuracy. 
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The present invention relates to methods for imaging an object with the help of electromagne ,c rad.atioa -n wh ch 
method rad?ation ?e«ected from and/or transmitted through an object is detected by a sensor system capable of del.v- 
r a an e? S "a o^^ conveying the image inforrriation obtained from the object and which sensor sys em 

Sdes a sol^-slate sensor compnsed ol a row-and-column fashion arrayed plurality of p«:ture .mag>ng elements, ,n 

FSimtrmore the invention concerns apoaratuses used in imaging objects, said apparatus including a unit capable 
of ilium nat ng the oblect to be imaged with electromagnetic radiation, said apparatus further includ.ng a sensor system 

rnSln ^solW state sensor compr.sed of a row-and-column fashion arrayed plurality of picture imag-ng elements 
:ThrplSs rn^said apla^aT^^^ including means for conditioning and/or storing the electrical output s.gnal 

"Z S^eT^ver ^broadly related to ,mag,ng by means of electromagnetic radiation. In particular, the 

'-^Sdlt^^^^^^^^^^^ applied particularly ton medical radiog- 

handling, storage and remote transfer of digitally ^^^/^^^^^^^ techniques in 

'° Til*naTcc?l»,Tr,se readou, occs a, .he end o, ,ho wegraM b, ,ran,le.,ing cha,,., which 
"r:;nor;:*r;r rKrh^sTrr^'L. T J,e„ « =ha,g, is -ap^,, *ahs„„ed ,o a 
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radialion-masked pixel storage area for the actual signal readout. During the readout of the Image Information recorded 
by the CCD sensor, the charges of the outermost pixel row of the Image area in the TDI-mode sensor or of the masked 
area in an FT-mode sensor, respectively, are first transferred Into a masked serial shift register comprised of a sensor- 
wide row of storage wells in which the charges transferred from the outermost well of each pixel column are kept apart 
from each other and wherefrom they are transferred one at a time by means of and under control of serial clock signals 
into the output well of the sensor. The output well Is always emptied first, and subsequently thereinto is transferred the 
charge of a single pixel, the magnitude of which appears at the sensor output line as a voltage signal representing the 
image element information conveyed by said sensor pixel charge. In practical implementations of CCD sensors, the 
output signal voltage level is In the order of -3 |aV/eJectron meaning that a charge of 500,000 electrons gives a sensor 
output voltage of -1 .5 V. 

Conventionally, the TDI imaging technique is utilized to perform imaging of a moving object with the maximum 
sensitivity achievable by means of CCD sensors. Instead of using to a sufficiently short exposure time for eliminating 
motion blur from the image as is known from photographic techniques, the TDI imaging method permits the motion of 
the object being imaged past the sensor while simultaneously the charge-mode image formed on the sensor photoplane 
is transferred synchronously with the object motion, which means that the charge-mode image attempts to track the 
object. Thus, the image information formed from the object in the imaging elements can be accumulated for a longer 
time, meaning that the sensor sensitivity may easily be increased manifold. To image an object with maximum resolution 
in a conventional imaging system using a sensor of, e.g., 100 pixels long in the motion direction of the object, the 
exposure time need to be set so short as to prevent the image of object on the sensor photoplane from moving more 
than the width of a single pixel. By contrast, in a conventional TDI imaging method, the object image on the sensor 
photoplane is followed over the entire width of the photoplane, which in the exemplifying case permits accumulation 
of image information over the entire length of 100 pixels, whereby also the sensor output signal level will be 100-fold 
provided that the object velocity stays constant during this time. Thus, one of basic preconditions for the use of the 
TDI-mode imaging technique is the very fact that the instantaneous velocity of the object must be known to make it 
possible to follow the object successfully. 

In the prior art, CCD image sensors and their control electronics were designed and optimized always separately 
for a certain application and specific use, whereby such conventional image sensor systems are ill fit for other appli- 
cations no matter how similar. The development of new types of CCD sensors Is extremely expensive and time-con- 
suming. Typically, a new type of CCD sensor takes at least a year or more to develop involving an R&D budget of at 
least USD 1 million. Correspondingly, the development of control electronics for such a new CCD sensor takes about 
the same time, raising the system R&D costs by at least about USD 250,000. Given these facts, it is obvious that since 
the development of a new CCD sensor type presumes a commercial application with a potential of development cost 
payback within a reasonable time, applications using small quantities of CCD sensors cannot be Implemented In prac- 
tice within the constraints of a reasonable cost budget. On the other hand, while new CCD sensors are continually 
developed for applications of reasonably high volume, even in such projects the proportion of costs attributed to the 
CCD sensors rises relatively high when conventional techniques are used. 

As the methods of conventional techniques have not permitted modification of CCD sensors and their control 
electronics Individually optimized for each object to be imaged, It has been mandatory to perform imaging arrangements 
within the technical constraints of available equipment and their CCD sensors. In conventional imaging systems, the 
CCD sensor and its control electronics are optimized either for maximum resolution or sensitivity, or alternatively, 
compromises between resolution and sensitivity are made resulting in a generally satisfactory result. Tuning of CCD 
sensor resolution and sensitivity optimal for each imaged object, however, is of a particularly high importance in medical 
radiography, wherein a sufficient imaging resolution must be assured case by case, simultaneously minimizing the 
radiation dose received by the patient. 

While modification of imaging resolution of CCD sensors by combining, or "binning", the pixels is known in the art, 
so far this approach has been utilized only with a constant binning ratio for each application, whereby a freely config- 
urable binning ratio of CCD sensor pixels for optimal setting of imaging resolution and sensitivity Individually for each 
object to be imaged has not been applied in the art. 

Conventionally, imaging methods may process data from a sensor in digital format in the memory of a computer 
by. e.g., summing the contents of adjacent memory locations of a matrix, whereby the end result is principally equivalent 
to that of the above-mentioned "binning". 

The art also recognizes the combination o( a dental panoramic radiography apparatus with a cephaiostat for skull 
imaging, and the digital implementation of such a combination apparatus is disclosed in, e.g.. EP Pat. Appl. No. 0 634 
671 A1. 

With regard to the state of the art related to the present invention, reference is made to, e.g. the following exem- 
plifying patent and application documents: US 5.426.6S5, US 5,289,520, US 4J8S.537, US 5,365,562 and US 
5,216,250. 

It is an object of the present invention to improve imaging techniques, and in particular, medical radiography tech- 
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niques, in which CCD sensors and digital imaging are applied so that the abGve<Jescribed problems are essentially - 
solved and their disadvantages overcome. 

It is a particular object of the invention to improve imaging based on CCD sensors so that a wider dynamic range 
of CCD sensors over the prior art is achieved. This is important in such applications, in which an advantage is gained 

5 by trading image resolution against increased sensitivity of the CCD sensor. Such applications are found particularly 
in medical radiography techniques, in which the x-ray dose imposed on the patient is desiredly minimized and simul- 
taneously the exposure times are minimized in order to reduce image blur caused by a possible movement of the patient. 

To achieve these goals and others to be explained later, a first method according to the invention is principally 
characterized in that the sensor system is configured by means of a control scheme based on combining, or "binning', 

10 the radiation-responsive imaging elements of the sensor used in the sensor system along the rows and/or columns of 
the sensor matrix into clusters of a plurality of imaging elements, that the charges, which represent the image infor- 
mation obtained from the individual imaging elements of said clusters, are straightforwardly binned in their charge form 
and the electrical signal thus formed is taken to further processing and that said binning of imaging elements is per- 
formed under external control case by case according to the needs of each exposure individually, thereby perfomiing 

75 a mutual optimization between the resolution and sensitivity Of the sensor. 

A second method according to the invention is principally characterized in that the method applies the TDI-nnode 
imaqing technique, whereby between the object to be imaged and the imaging sensor is arranged a mutual relative 
movement, that the charge-mode image, which is formed from the object to be imaged on the CCD sensor elements, 
is transferred at the same speed with said relative movement and the image infomnation gathered from the obiect is 

20 accumulated for an extended time simultaneously achieving an increased sensitivity of the sensor, that the physical 
pixel size of the sensor is selected smaller than that required to achieve the maximum resolution required from sensor 
and that the image blur caused by the relative movement between the object to be imaged and the imaging sensor is 
reduced by shifting the pixel charges in synchronized steps corresponding to the physical size of the CCD sensor 
pixels, whereby the tracking of the relative movement between the object to be imaged and the CCD sensor occurs 

25 with maximized accuracy. . „^,„„,,««„,,eiw 

While the second method according to the invention may be applied independently, it is most advantageously 
applied in conjunction with the first method according to the invention, which is the main invention claimed m this 

^"'"p^^h^rmore afirstapparatusaccordingtotheinventionisprincipallycharacterizedinthattheapparatuscompr^es 
a configuration system for an imaging sensor system, said configuration system permitting the combination, or bin- 
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ninq" of the radiation-responsive imaging elements of the sensor used in the sensor system along the rows and/or 
columns of sensor matrix into clusters of a plurality of imaging elements and that the sensor system is so connected 
and controlled that the charges, which represent the image information obtained from the individual imaging elements 
of said clusters, may be straightfonwardly binned in their charge fomi. 

A second apparatus according to the invention is principally characterized in that the apparatus comprises a CCD 
imaging sensor system with its control system and apparatuses capable of providing a mutual, relative movement 
between the object to be imaged and said sensor system, that said control system is adapted to transfer the charge- 
mode image formed from the object to be imaged on the CCD sensor elements at the same speed with said relative 
movement, that the physical pixel size of the sensor is selected smaller than that required to achieve the maximum 
resolution required from sensor and that the image blur caused by the relative movement between the eject to be 
imaged and the imaging sensor is reduced by shifting the pixel charges in synchronized steps corresponding to the 
physical size of the CCD sensor pixels, whereby the tracking of the relative movement between the object to be imaged 
and the CCD sensor occurs with maximum accuracy 

While the second method and apparatus according to the invention may be applied independently, they are most 
4S advantageously applied in conjunction with the first method and apparatus according to the invention as a synergistic 

'^°"'wherrapplying the first method and apparatus according to the invention, the pixel charges of the CCD sensor 
are summed inside the sensor device proper ,n charge form before they are converted into the output signal of he 
sensor amplified and converted into digital form. Hence, the invention offers the benefit of eliminating summing noise 

50 and other error from the image information, which are disadvantages of conventional embodimenlB. 

As the first method and apparatus according to the invention offer easy configuration of the CCD ^enso and rts 
control electroncs, whereby the sensor system properties may be freely modified under program control w^hm g«^en 
limits so as to obtain an optimum system configuration for each application, the same CCD sensor .ype and comrol 
electronics can be used in a plurality of mutually essentially different applications. Thus, the quantities °f «he chosen 

ss CCD sensor type purchased for equipment manufacture can be increased and the R&D costs per application lowered 
to a more moderate level. On the user point of view, since a single CCD sensor and its control electronics mav be used 
in a single installation for a plurality of purposes, and further, its different operating modes can eliminate need for 
using a greater number of different CCD sensors, the total procurement costs of a given installation will remain essen- 



4 
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tially lower than those Involved when purchasing equipment implemented using conventional techniques. 

In addition to sensor cost savings, the invention provides the essential benefit that the sensitivity/resolution control 
gives, in addition to the imaging resolution control, also a possibility of controlling the radiation dose received by the 
patient, wherein compromises have been mandatory in the prior art. 

In a preferred embodiment of the first method and apparatus according to the invention, the pixels may be com- 
bined, or "binned", into larger clusters both in the horizontal and vertical directions. For sake of clarity, the text above 
and later denotes the axes of the sensor element matrix as the horizontal and vertical directions, which must not be 
understood to be related to direction of the Earth's gravity field, but as Is conventional in the art, the horizontal direction 
meaning the direction of charge transfer along the sensor element rows in the photoplane and the vertical direction 
meaning the column direction of the sensor elements in the photoplane, that is, a direction orthogonal to said horizontal 
direction, whereby the vertical direction in linear sensors, for example refers to the longitudinal direction along the 
sensor length. The binning of charges in the horizontal direction is arranged so that into the serial shift register are 
transferred the charges of a plurality of imaging element rows before charges of the serial shift register are read out 
from the sensor. Herein, the charges of a plurality of imaging element rows are dumped in the same "cup", that is, 
summed in a single well. In the vertical direction of the sensor, the "binning", or summing, of the charges is made by 
first clearing the output well and then transferring therein the contents of a plurality of charge wells of the serial shift 
register before the sensing of the sensor output voltage occurs. 

The invention may be used in any such imaging application based on a CCD sensor that requires a wide dynamic 
range and can avail of trading Imaging resolution against a higher sensitivity or vice versa. The most typical one of 
such applications is radiography, where the exposure times must be kept as short as possible in order to minimize 
image blur caused by movement of the patient and simultaneously to keep the radiation dose imposed on the patient 
at a minimized level. Resolution demands in radiography vary greatly according to the object being imaged, and it is 
customary in the art to increase the radiation dose to achieve a higher resolution. In fact, the Implementation according 
to the invention makes it possible to cover a major part of the different sectors of radiography by virtue of the freely 
programmable configuration of the CCD sensor system according to the invention without essentially modifying the 
construction of the system. Particularly advantageous applications of the invention are found in the fields of mammog- 
raphy including its magnification and contact exposure modes, as well as combination apparatuses for dental panoramic 
radiography/cephalography. The application range of the invention can be extended into different department-level 
and chest fluoroscopy equipment. 

In the first method and apparatus according to the Invention, the control electronics of the CCD sensor Is con- 
structed so as to make it function under control of input signals which are capable of defining the "binning" ratio of the 
sensor pixels in the vertical and horizontal directions at any instant during an exposure, however, most advantageously 
always in the beginning of an exposure. 

The Invention Is advantageously applied to a combination dental panoramic radiography/cephalography equipment 
so that the imaging resolution is made user-selectable, whereby overall views may be exposed with a lower resolution 
and radiation dose, while critical areas may be exposed with a higher resolution as necessary. In cephalography, a 2 
1p/mm resolution is entirely sufficient, and herein, owing to the user-selectable resolution according to the Invention, 
the exposure can be made with a radiation dose reduced down to 15 % of that required in panoramic radiography at 
the same resolution. In practice the focus distance in cephalography is over three-fold with regard to that used In dental 
panoramic radiography (that is, 1700 mm vs. 480 mm), whereby the radiation intensity incident on the sensor after 
attenuation according to the square law of distance is only approx. 8 % of the intensity received by the sensor in dental 
panoramic radiography Accordingly, cephalography with the same sensor resolution as is used in dental panoramic 
radiography is almost impossible, because It would presume an exposure time extended up to tens of seconds, during 
which the patient being radiographed is expected to stay entirely still. In practice the panoramic exposures are made 
using the TDI scan at a speed of approx. 20 mm/s. To make the 240 mm long panoramic image of the skull using the 
same sensor resolution and same exposure parameters as are used in dental panoramic radiography, it would take 
12 s X 12.5 = 150 s. that is, two-and-half minutes with the same sweep speed. 

According to a preferred embodiment of the invention, "magnification" radiographs in mammography are made as 
a contact exposure using a smaller pixel size than in normal mammography Then, as will be evident from the description 
later in the text, a vastly improved resolution is attained over conventional magnification exposures using a fixed sensor 
pixel size. Moreover, this embodiment of the invention will do with a simpler and less costly x-ray source of a single 
focus size only Further benefits are the shorter exposure times and reduced risk of image blur due patient movements 
and lower radiation dose received by the patient. When "magnification" radiographs are made in this embodiment of 
the invention using a smaller pixel size and contact exposures, "magnification" radiographs may also be made over 
the entire image area if necessary. 3y contrast. In the conventional technique of taking the object closer to the x-ray 
tube, a magnification factor of 2, for instance, makes so large an Image on the recording medium as to permit only 
one-fourth of its area to be recorded. These ramifications and benefits of the invention will be described more closely 
later in the text. 



EP 0 776 124 A2 

In the following the invention will be exanriined in greater detail by making reference to the diagrams of appended 
drawings illustrating diagrammatically a few exemplifying embodiments of the invention, whereby the details of the 
diagrams must not be understood as limiting the scope of the invention, in which drawings 

Figure 1 is a schematic block diagram of a CCD sensor system according to the invention with its control electronics 
adapted to TDI-mode imaging; 

Figure 2 is a schematic block diagram equivalent to that of Fig. 1 of a CCD sensor system according to the invention 
with its control electronics adapted to FT-mode imaging; 

- -i . 

Figure 3 is a timing signal diagram of a typical output signal of the CCD sensor system according to the invention; 

Figure 4 is a circuit diagram of the arrangement for sensing the pixel-specific charge zero-offset level in the CCD 
sensor output signal; 

Figure 5 is a timing signal diagram of the vertical summing of pixel charges in the output signal of the CCD sensor 
system; 

Figure 6 is a sequence diagram of a preferred embodiment according to the invention adapted for motion tracking 
with full resolution in TDI-mode imaging; 

Figure 7 is a liming signal diagram of the TDI-mode imaging sequence shown in Fig. 6; 

Figure 3 is a timing signal diagram for a preferred embodiment according to the invention using "dithering" of the 
serial shift register contents for eliminating the dark current component; 

Figure 9 is a timing signal diagram of typical "dithering" clock signals for driving a three-phase-clocked sensor into 
the charge transfer state; 

Figure 10 is a schematic axonometric view of an embodiment of the invention adapted to a dental panoramic 
radiography apparatus; 

Figure 1 1 is a schematic axonometric view of an embodiment of the invention adapted to a mammography appa- 
ratus; 

Figure 12 is a schematic axonometric view of an embodiment of the Invention adapted to a chest fluoroscopy 
apparatus; 

Figure 1 3 is a principally block diagram level outline of the control system for the sensor system according to the 
invention; 

Figure 14 is a schematic axonometric view of an embodiment of the invention adapted to a dental panoramic 
radiography apparatus equipped with a cephalostat for exposures in the cephalography mode; 

Figure 15A is a geometric diagram illustrating mammography in making a contact radiograph; 

Figure 15B is a geometric diagram equivalent to that of Fig. 15A, here illustrating mammography in making a 
magnification radiograph; 

Figure 1 6 is a plot of modulation transfer functions (MTF) for different discrete values of focus size used in different 
applications of mammography; 

Figure 17 is a plot of modulation transfer functions similar to that of Fig. 16. here illustrating the resolution achievable 
by different types of imaging means; and 

Figure 18 is a plot of modulation transfer functions similar to those of Figs, 16 and 17, here illustrating the overall 
resolution performance of the entire imaging system in different types of applications. 
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Referring to Fig. 1, a TDI-mode CCD sensor system is diagrammatically shown therein together with the basic 
elements and functions of its control electronics. In the sensor system, the control electronics block 17 is interfaced to 
the imaging element matrix 10 of the CCD sensor by means of the I0x clock signals, the number of which typically is 
from two to four (2-4) and to a serial shift register 1 2 by the R0x clock signals, the number of which also typically being 
from two to four (2-4). The control electronics block 17 provides a control signal 0R for discharging the output well 13 
of the CCD sensor. The charge of the output well 1 3 is converted into the sensor output voltage signal by means of an 
output amplifier 14 and then taken to a pixel charge zero^ffset level correction stage 15 which under the timing of a 
control signal CDS from the control electronics block 17 sets the zero reference level separately for each pixel of the 
imaging element matrix 10 as will be described in detail later. After the zero-offset correction, the signal is taken to an 
analog/digital converter 1 6, which under the timing of a control signal SH from the control electronics block 1 7 converts 
the analog image information into digital format. The digital data Dl are transferred to further storage and processing 
under the timing of a control signal LD from the control electronics block 17. 

Referring to Fig. 2, an FT-mode CCD sensor system according to the invention is diagrammatically shown therein 
together with the basic elements and functions of its control electronics, which is otherwise equivalent to that of the 
TDI mode shown in Fig. 1 except that between the imaging element matrix 10, to which the control electronics block 
17 IS interfaced by the A0x clock signals, and the serial shift register 12 is adapted a storage element matrix 11 with 
dimensions identical to that of the imaging element matrix, whereby the control electronics block 17 is interfaced to 
this storage element matrix by the I0x clock signals. 

The function of the sensor system described in the following concems principally the TDI-mode sensor and in 
principle, the functions of the FT-mode sensor differ therefrom only in that the transfer of charges from the storage 
element matrix 11 complementing the imaging element matrix 10 into the serial shift register 12 is always preceded by 
the transfer of charges from the imaging element matrix 1 0 into the storage matrix 11 under the timing of the A0x and 
I0x clock signals from the control electronics block 17. Additionally, the entire Imaging element matrix of the FT-mode 
sensor occurs at the end of the integration time as a full-frame readout, instead of a row-by-row readout as is the case 
with the TDI-mode sensor in general. 

The basics of a conventional CCD sensor and its control are outlined below, except for the novel functional and 
construction properties of the present invention which will be explained later in conjunction with the binning of pixels 
When starting an exposure imaged by means of a CCD sensor of Fig. 1 or 2, the initial charges possibly accumu- 
lated in the elements of the sensor matrix 1 0; 1 0, 11 must be removed and its pixel wells cleared. This is accomplished 
under the timing of start signal START from the control electronics block 17, whereby the charges of the imaging 
element matrix 10; 11 are transferred from one column at a time with the help of the I0x clock signals into the serial 
shift register 1 2. Next, the charges thus transferred into the serial shift register 1 2 are further transferred one at a time 
under control of the R0x clock signals to the output well 13, which is cleared by applying the 0R signal every time 
before the transfer of a charge. The clearing step may be repeated a few times if any doubt exists that the sensor wells 
will not be cleared completely during a single clearing step, depending on the magnitude of charges accumulated into 
the pixel wells. The start instant of an exposure is when charge representing image information begins to accumulate 
into the pixel wells of the cleared sensor matrix, that is, when radiation incident on the sensor photoplane begins to 
induce charge in its pixel wells. When the integration time counted by the control electronics block 17 is elapsed or 
alternatively, when the external synchronization signal SYNC is applied, the charges of one column of the imaging 
element matrix 10; 11 are transferred into the serial shift register 12 and therefrom further into the output well 13 as 
was described above. Now differently from the preceding step, the charge of each pixel well 13 is sensed, whereby 
under control of the CDS signal supplied by the control electronics block 17, first the zero-offset level of each pixel 
charge is corrected and subsequently the analog output signal is converted under control of the SH signal into digital 
format by means of a converter 16. whose output signal after each conversion is further stored under control of the LD 
signal. 

Referring to Fig. 3. the typical output signal of a CCD sensor is shown therein. When the output well 1 3 is cleared 
with the help of the OR signal, a large pulse 0RO appears at the sensor output, after which the sensor output settles 
at instant 20 to a certain level representing an empty output well. This pixel-specific charge zero-offset level is sensed 
for each well separately with the help of the CDS signal using, e,g„ the circuit shown in Fig, 4. Here the CDS signal 
closes the switch 15k just before instant ZD, whereby the output end of the capacitor 15c is grounded and the signal 
base level present at the output of the sensor output amplifier 14 is charged into the capacitor 15c. At instant ZO the 
switch 15k IS opened and the pixel charged now transferred into the output well 13 of the sensor is now available as 
a signal level, which is sensed at instant SO^under control of the SH signal. In spite of the zerooffset level variations 
at instants ZO and Zl , the c:rcuit shown in hig. 4 always senses the difference of the output signal levels at instants 
SO-ZO, SI -Zl , etc., that is, the corrected sensor output signal. The above-described function of the circuit is a conven- 
tional technique lor these parts of the system and known in the art as Correlated Double Sampling, 

When the pixels of the imaging element matrix 10;10,11 are combined in the horizontal direction according to the 
invention, the simplest approach thereto is that the column charges of the imaging element matrix 10:10.11 are trans- 
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ferred into the serial shift register 1 2 by more than one colurrin before the charge transfer read^DUt from the serial shift 
ragTr 2t in^^^^^ Then, the charges of multiple cc.ur.ns are binned, representing the total amount of c^^^^^^^^^^ 
from so rnany pixels as are thussurnrnedintoeach well of theserialsh.ftreg.ster12,S.nce the internaltra^^^^^^^^^^^ 
of a CCD sensor typically is as high as 99.9999 %. such a summing of charges can be perfom^ed almost with a s.ngle- 
5 e itron accuracy would be impossible in a summation external to the CCD sensor when taki-ig into account 
thtl^elTpecirc'charge zero^lf set level corrections, noise levels of amplifier stages and other possible error factors. 

re contro electronics block 17 according to the invention is provided with input lines HBx. under dynamic control 
of wNch!t cTn rans er the number of column charges defined by these signals into the serial shrft register 2 before 
tec^lZn^^^^^^^ from the sensor is initiated. The invention is characterized in that the control electronics 
,0 block '?of me invention can perform the charge transfer from the imaging element columns as dynamically defined 
hw thP inout sianals HBx that is. as required by the programmed sensor configuration. 
' The P xe cha ges o the Imaging element matnx 1 0;1 1 are binned in the vertical direction according to the invention 
,imolLt so mat trcharg of the serial shift register 12 are transferred into me cleared output well 13 by more than 
. n^Ii ^ilrL frorthrr^atrix 1011 before me sensing of me sensor output signal is initiated. Then, charges 

^ . QQ QQQQ *y qiirh a summinQ of charqes can be performed almost With a Single 

:ie'cJron"arraS' wtch : u fbe^'^^^^^^^^ a exUa, to^he CCD sensor when tak.g into account 
ToZC^^^cZrgeze:o.o^isei leSel corrections, noise levels of amplifier stages and omer possible error fac^ors^ 
,0 ^Retrhg to Fig 5 an example is shown merein of me output signal and control signals of a CCD sensor sy tem 
accordt to me Senlion in me'vertical-direction binning of me pixel charges^FolJowing th^ Tc^t^T^^ 
output well 1 3. me pixel charge zero-offset level in the output signal is sensed me ^e^ dthe CDS ^^f^P^ 

"%°h?cltroZr^^^^^^^^ 1 7 according to me invention is provided with input lines VBx. under dynarr^c control 
ofwhTc theTeltS s^^^^^^^ 

" The Implementation according to me invention offers a free binning of the pixel 

'";f bTowT."ATw pLie., ex,n,p,»s o, pri.=ip.l Imaging p«,per„., o, radiography -^^'"^ 
resolution as line-pairs per millimeter. 
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Application 


1X1 


30 


17 


100 


Magnification mammography 


2x2 


50 


e.5 


25 


Mammography 


3x3 


90 


5.6 


11 


Dental panoramic 
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120 


4.2 


6.3 


Dental panoramic 


5x5 


150 


3.3 


4.0 


Dental panoramic 


6x6 


180 


2.7 


2.3 




7x7 


210 


2.4 


2.0 


Cephalography 


8x8 


240 


2.0 


1.6 


Cephalography 
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As is evident from the table above, a single and same CCD sensor system and its control system block 17 may 
advantageously be used for implementing at least three different types of imaging systems. By applying the invention 
to a mammography apparatus, the programmable configuration according to the invention of imaging sensor makes 
It possible to expose both normal and magnification radiographs without the need for separate mechanical magnification 
accessories, whereby the manufacturing costs of the radiography apparatus are essentially lower and the use of the 
apparatus is made easier. 

When the TDI-mode imaging technique explained in the introductory part of the application description is used in 
conjunction with the invention, the object being imaged moves past the imaging CCD sensor at a speed known in real 
time by the control electronics block 17 and represented by the SYNC signal in Fig. 1, and the motion direction of the 
object IS the same as Ihe transfer direction A of charges into the serial shift register 12 of the sensor Now when the 
charges of the imaging element matrix 10 are transferred with a speed essentially synchronized with the motion speed 
of Ihe image formed from the moving object onto the sensor photoplane, a sharp image of the moving object can be 
recorded. 

Herein, it must be noted that due to certain physical constraints such as the doped walls between the active areas 
of the pixel wells, the pixel charges of the sensor can be transferred only by one inter-pixel distance at a time that is 
by the length of a single inter-pixel distance or a multiple thereof. Transfer of charges from one pixel wall to the adjacent 
one on the sensor area must be performed at a physical speed essentially higher than that of the object image on the 
sensor photoplane in order to make it possible to transfer the set of pixel charges, which is temporarily stored in the 
serial shift register, out from the sensor matrix, convert the signal and store it before the next transfer cycle is initiated 
However, since the object being imaged generally moves at a constant speed, contrary to the stepped transfer of 
charges in the sensor, this differential asynchronism between the two motion speeds causes in the motton direction 
an image blur with a worst-case value of half the inter-pixel distance in the motion direction. In Fig 7 is shown the 
sensor integration lime tl, after which the pixel charges under control of the synchronizing signal SYNC are transferred 
timed by the I0x clock signals over one column of the sensor, and then the serial shift register 12 is read at instant Ro 
with the help of the R0x clock signals. 

In the case shown in Fig. 6. the object moves at a constant speed relative to the sensor with the sensor being 
"binned" over five (5) pixels. As shown in graphs A1-A6 of the diagram, the sensor charges are transferred in discrete 
steps always over the length of a full "binned" pixel cluster at a time, while in graphs 81 -B6 the charge transfer occurs 
in steps of a single physical pixel length. From the graphs of Fig. 6 it can be seen that the object O being imaged 
according to binning scheme A is overlaid, besides on the five-fold "binned" pixels pi of the sensor 18, also extending 
on Its neighbouring pixel p2. whereas imaging according to binning scheme B occurs only onto the single-binned pixel 
pi of the sensor 18', whereby the motion-direction image blur is avoided. 

In an embodiment based on the second basic method and apparatus according to the invention, in which the 
physical pixel size of the sensor is smaller than the required maximal resolution, the above-described motion-direction 
image blur may be reduced by virtue of an embodiment based on the second method and apparatus according to the 
invention, whereby the pixel charges are not transferred in lengths of the "binned" pixel cluster when using the first 
method and apparatus according to the invention, but instead in lengths of the physical pixel of the sensor Then, the 
tracking of the object motion occurs with maximum accuracy With a sensor 18' of, e.g., 30 ^m pixel size programmed 
for with ISO Jim imaging resolution, the binning scheme is carried out in the vertical direction as described above but 
the horizontal binning is performed differently. Here, the pixel charges of the of the imaging element matrix 10 1 1' are 
not transferred by the number defined by the HBx input signals into the serial shift register 12 at once, followed by the 
read-out of the serial shift register 12. but instead, the charges of the imaging element matrix 10;11 are transferred 
into the serial shift register 12 always by a column at a time, until the number of columns defined by the input signals 
HBx are transferred therein, and only thereafter, the read-out of charges from the serial shift register is carried out in 
the normal manner This operating mode is selectable by the BM input signal of the control electronics block 17 

In the above-described example, the motion-direction blur in the image is only 30 um. instead of 1 50 jim as would 
be in normal binning, whereby a vast improvement in image blur is attained. By virtue of using the free binning scheme 
according to the invention and a sensor with a resolution higher than the maximum resolution required by the application 
in the embodiment described above, it is possible to perform TDI-mode imaging with an accuracy not available by any 
other means. In practical tests, this approach has been found to give a significant improvement of the imaging quality. 

In all the above-described embodiments of Ihe invention, the charges are stored in the serial shift register 12 so 
long that all Ihe columns to be binned are summed into the register, and thence, the read-out of the serial shift register 
1 2 can be started. Unfortunately this arrangement causes a dark current component, because the charges stored in 
Ihe senal shift register 1 2 cannot be separated from each other by potential walls as is possible for the imaging element, 
but instead the charges stored in the ceils of the serial shift register 12 must be kept stationary by holding one of the 
clock signal lines high, thus forming the required potential well under that clock line. 

Prior to Ihe concept of pixel isolation by means of potential walls, the charges of the CCD sensor imaging element 
matrix were kept stationary using ihe above-mentioned technique and simultaneously different methods were devel- 
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" oped for minimizing the dark current component without resorting to cooling. One of these conventional techniques is 
called "dithering" in which the potential well of an imaging element is not formed stationary under a single clock signal 
line but instead the well is moved continuously altematingly under the individual clock signal lines of the imaging 
element however keeping the well within the borders of the imaging element proper. This technique is based on the 

5 fact that the dark current component does not start growing immediately after the clock signal line is taken high, but 
instead starts to grow after a short period of time. When the adjacent clock signal line is taken high and the previously 
activated line is taken down, the dark current component will not reach a significant level provided that the alternation 
of clock signals is performed at sufficiently high rate and a sufficient recovery time is allocated for each clock signal line. 
When the clock signal line is high, its potential causes due to the thermal motion of electrons a leakage current to 

10 appear in the pixel well called the dark current (that is, a signal component not induced by radiation incident on the 
pixel) As the dark current component is strongly dependent on the sensor temperature, it can be lowered by cooling 
the sensor If the polarity of the clock signal line is inverted, that is, taken negative with respect to the sensor substrate, 
the formation of the above-mentbned dark current component is prevented. In fact, this technique is applied today by 
keeping the pixel charges stationary with the help of static fields made into the sensor body by doping as described 

IS above and taking all the clock signal lines negative. However, since the serial shift register 1 2 is not provided wrth this 
■ facility its charges must be kept stationary with the help of a potential well formed by a clock signal line taken high, 
unfortunately involving the formation of a dark current component. This drawback can be alleviated by virtue of the 
"dithering" scheme employed in a preferred embodiment of the invention. 

When a clock signal line is taken negative, the growth of the dark current component will stop immediately because 

20 potential field acts reverse to it, whereby a kind of diode reverse-biased to the dark current component will be fornned 
on the pixel well interface. As the potential of the clock signal line is again taken positive, even as soon as. e.g.. a few 
milliseconds after being taken negative, the dark current will not immediately reach its steady-state level, but instead 
begins to grow exponentially from a low level as a function of time with a time constant which is inversely proportional 
to the number of intrinsic charge carriers in the well. Thence, the "dithered" ctocking concept is based on keeping the 

25 clock Signal lines, under which a potential well need not be formed, sufficiently negative to prevent dark current com- 
ponent from forming under them and then altematingly selecting one clock signal line from the clock signal lines of the 
pixel to be kept positive as shown in Fig. 8. As only one of the clock signal lines at a time is taken high for a relatively 
short period of time with respect to the above-mentioned time constant, a significant reduction of dark current formation 
is attained In practice, said time constant in CCD sensors is strongly dependent on the sensor temperature typically 

30 being about 10 s at -40 "C. 15 ms at 20 'C and 180 us at 80 'C. By keeping each one of the clock signal lines at a 
time high for less than 1 0 as shown in Fig. 3, the darkcurrent component can be reduced to less than one-thousandth 

at room temperature. ,. , , , „j ^^i^^ 

In an imaging element matrix, the conventional "dithered" clocking scheme can be applied to a preferred embod- 
iment of the invention having the serial shift register 1 2 operated in the above<Jescribed manner. Here, the dark current 

3S component may be eliminated practically entirely Hence, in accordance with the preferred embodiment of the invention, 
at time instant Ro of Fig. 7 the serial register 1 2 is either read at a due point of the clocking scheme, and for the other 
time during the subsequent integration period, the register is subjected to "dithering". In Fig. 8 is shown an example 
of the clock signals for a three-phase-clocked serial register 12 during the "dithering" time, with the timing periods 
typically set so short as to prevent the formation of the dark current component. 

40 A problem herein is that this self-timed "dithering" scheme cannot be synchronized by any means to the charge 

transfer intervals of the imaging element matrix that occur in a random manner with respect to the operation of the 
control electronics block 1 7 and that, in order to maximize the transfer efficiency of charges, the transfer ctock signals 
of the serial shift register 12 must be in a certain state always when the charges of the imaging element matrix 10 or 
the storage matrix 11 , respectively, are being transferred into the serial shift register 1 2. This problem can be overcome 

4S by driving the clock signals of the serial shift register 1 2 to their correct states in a controlled manner during the time 
the charges of the imaging element matrix 1 0 or the storage matrix 11 , respectively, start to move into the senal shif^ 
register ?2. As can be seen from Fig. 7, when the SYNC signal goes high, the I0x clock signals of the imaging element 
matrix go through the sequence required to perform the charge transfer, during which time the clock signals of the 
serial shift register 12 must be driven into their correct states before the charges are transferred into the serial sh^ft 

50 register 12. which step actually occurs only at phase V 14 of the sequence. In Fig. 9 is shown the control of some 
-dithering" clock signals typical for a three-phase-clocked sensor from any state into the charge-transfer sequence 
state during a sufficiently short period of time. In the charge-transfer state, the serial clock signal lines 1 and 2 a e held 
high to Keep the potential well formed thereunder at maximum potential, while simultaneously the clock signal line J 
is kept at zero potential to prevent the charges of the different columns from interacting with each other. 

55 With regard to the "dithered" clocking method advantageously applied in conjunction with the present invention, 

reference is made the following publications; ^ . „h cc\/ i tH 

-DEVELOPMENT OF X-RAY CCDs". Burt D.J.. GEC-Marconi Limited, Hirst Research Centre. a"« =^^±1°; 
Chelmsford: Proceedings of an ESA Symposium on Photon Detectors for Space Instrumentation, held at ESA/ESTbu 
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Noordwijk. The Netherlands, 1 0-1 2 November 1 992. (ESA SP-356 December 1992) 

"Dynamic suppression of interface state dari^ current in buried channel CCDs". Burke B and Galar S A iffp 
Trans. Electron Devices, Vol. ED38-2, 1991. ' " 

Referring to Fig, 1 0, therein is shown a panoramic x-ray apparatus principally intended for dental radionr«nhw 
apparatus being comprised of a vertical column 20 carrying a horizontal support a^m 21 adaptetS^^^^^ 
by means of a motor 25 and rotatable by means of a motor 24. said horizontal support al c^q arits^ne 
x-ray generator 22, whereby a narrow x-ray beam 26 emitted by the generator passes through tSsues o^a oatlnt 
P from one side and is on the other side incident on a sensor head 23 comprising a CCD sefs^sSracl^r^^^^^ 
the present invention which is freely configurable within given limits under program control ^ 

Refernng to Fig. 1 1 , therein is shown a mammography apparatus suitable for aclina ac: =,n anr,iir.=f i„„ 
the invention, said apparatus being mounted on a baseX. To 'the base 3ot J^IchlS a fixed ''^^0 ursTtio" 
32 housing a lift motor 31 by means of which a movable vertical column section 38 c^^be t^Jct ca V elevat^L^^ 
lowered ins.de the fixed column section. The vertical column section houses a motor 33 for ro at no Tc^^^^^ ^^-ut 
a horizontal axis H-H. One end of the C-arm 44 supports an x-ray source 42, while the Jthe Tnd ^f theTrm Srfes a 
shelf-like lower breast support 36 against which a breast M to be radiographed is compressed ^th l^e he p oTaT^^^^ 

'JSZ'Jr '"Tr f " °' breast M, a Trow x raS beam 41 

em ted by an x-ray tube 39 passes through a primary blind, which is adapted laterally movable b71ans of a rJ^tor 
40^ then passes through the breast M being radiographed and finally is incident on a sensor htd i which is adapt^ 
simultaneously movable with the primary blind by means of a motor 35. said sensor head includinq a CCD senl^ 
rr;™~" '''' ™ '° '-'^ configure'X'Sn = 

Referring to Fig. 12, therein is shown a chest fluoroscopy apparatus in which an x-rav sonrrp 74 omitc = 
x-ray beam 73 that passes through the chest of a patient P and impinges ^nt^en'r 7^0'^ fhe expo ur^^ 
ray source 74 and the sensor 72 are moved in the vertical direction by means of a moto^O Te sensor72 is a J^^^^^^ 

H.J!!^1 apparatuses exemplified above operate using the slit blind exposure arrangement which must not be un 
derstood to be limiting to the applications of the invention. For instance, the apparatus shown TFia 7 can lo^r^tJ 
usingthe normal fluoroscopy principle in which the entire chest M is viewed at once, re eby tLccc^^ens^^^^^^^ 
o the invention ,T,ay have dimensions equal ,0 those of the lower breast support o at least be a larg^ areTr^a^^^^ 

srrrXm^rr"""'^^^™'°'^^--- 

In Fig. 1 3 is diagrammatically shown a control system 80 according to the first embodiment of the imaoina aooaratus 
according to the invention, into which system the user enters via the keypad of a contrrpane a The e^^^^^^^^^^ 
danid'"'"' configuration. On the basis oHhese user-entXrame.e;s a^^^^^^ 

data stored in a parameter memory 82. the control system 80 sends the most appropriate sensor system settiSqs fo 
vim" «n ' ' ' ^"'^ 2' '"^^"^ °' ^'■S"^'^ VB'^' HBx and BM. During the exposure the ontrol 

TapplatirpTa^;^^^ IT"" 1 T ^^^'^^ '^""^ ''^^ ^'^-'^ ^^^^ th/othe; f nctrJ 

be e a mp r ^1 ^' ^"^^-^^I'lP'^ actuators in Fig. 1 3 are schematically shown motors 83 and 84 that may 
of ihe tilr^ hT H °' ^ radiography apparatus (motor 24 in Fig. 1 0) or the actuator moTo^s 

of the priman. blind and imaging sensor in a mammography apparatus (motors 35 and 40 in Fig 11 ) 

In Fig. 14 is shown a combination panoramic radiography/cephalography apparatus having a construction other 
on:.Z "L"'"'" '''''' '° apparatus is attached a horiS arm S a r^^ 

type accSro'to ^^^^^^^ a slit-imaging camera 28, to which is applied a CCD sensor system of the abovers'crtd 
ron!I n ^ ' "^^''^ ''^^'y configurable within given limits under program control 

Conventionally mammography exposures are made using the arrangements shown in Figs 1 5A and 15B In Flo 
5A IS Illustrated the so-called contact exposure, in which the breast M to be radiographed is compressed essentia^ 
«at against an imaging medium ,00 and an object C in the breast is imaged with the help of an x.ay beam onto tt^e 
i^ZlTZl- ' ^^'"^ '^^ °' ^^9- an be compu ed 



iSID-OID) (1) 



aivel^^T^r compressed breast M is 45 mm. whereby the contact exposure geometry of Fig ISA 

S an imS tomer h " ' T7 ^ '° '^^^^^ approximately in the m^point of the breast. 

ira:ai:rar::L^:n^03"is":^^^^ °' ^-^^^ ^ -^^^^ — - - 
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• • ^^t,., io noriormed usina soolled magnification exposures in wiiich the details 

For closer exam.nat.on. '^^"^'^°9^f ^ P/^^™ is iiiustraL in Fig. 15B. Now the breast M being 

of the Object are vis,ble ,n greater f ^^'^J^^^^^^^^ ?oo TutTnstead against a magnification support 101 located 
imaged is not compressed against the '"^^S'"^ ^.f,',' ^is.a^ now set to 32.5 cm. a magnffication value of 2.0 

^^^X^:::^:^^^^^ C on the imaging medium 100 are twice as large as 
those obtained in the previous example drawbacks When the object M is brought closer to the x-ray 

transtr'tunction (MTR by computing this function for a square focus spot from the fom^ula. 



MTF ( Ug, V) 



sin (71 • V • U9) \ (2). 
K-v ■ Ug I 



where 

(M-1) • F (3) 
^9- M 

ThefactorMisthemagnificationandFis the sizeofthex-ray tube focusspot, Which in mammography apparatuses 
,™8i"g 'e»lu,lon Io, cc«Bc. axpos.r, »«h 0.3 mn, pSl 'e " "e\n ,h=t resolution 

wherefrom an appreciable increase of resolution w.th regard to ^^^^^f^ T^^^^ represen ing contact exposure 
the imaging atrangentent. wWclt is me inm.intensillc,t,on coln*n so 

™^rn°st;:t::::orcr:z°n.« 

is computed from the formula: 



71 • / • P 



Where p is the pixel size in micrometers. Fig. 17 makes the superior resolution performance of a digital imaging sensor 
undeniably evident. ohtainpd hv takina the product of the modulation transfer 

the transfer function of the imaging means: 

AvfTiTM/ - A - I sin (71 • / • p) | . I sin (ji • / • U9) \ (5) 

MTFtot { f) - — ^ — - — — I iTr 

I K ' I • p II K - t ' ug I 

,n Fig 18 are shown the modulation transfer .unctions computed from the formula above for the exposure values 
given in the table below, and .or comparison, also the resolution of a f,lm ,s shown >n the plot. 
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0.1 


2.00 


Film with intensification screen 



From Fig. 1 8 is immediately evident that using a sensor according to the invention with a freely configurable pixel 
size and making a "magnification" exposure as a contact exposure using a smaller pixel size, an appreciably higher 
resolution can be attained than what is possible in conventional magnification exposures using a conventional fixed 
pixel size. The only difference between graphs D30c and D60m is caused by the difference between the modulation 
transfer (unctions representing the 0.3 mm focus used in contact exposures and the 0. 1 mm focus used in magnification 
exposures, because the modulation transfer function of the sensor remains the same in both cases Herein it must be 
borne in mind that the imaging resolution of the sensor in contact exposures with 30 urn pixel size is equivalent to 60 
nm pixel in magnification exposures with an object magnification of two. 

In addition to the benefit of improved imaging resolution, in comparison to conventional magnification exposure 
methods based on a fixed pixel size, which is made possible through the variable sensor resolution of the method 
according to the invention, also a simpler and less costly x-ray source of a single focus size only can be used 

Herein, it must be noted that a focus spot of 0.1 mm on the x-ray tube anode plate is by its physical area much 
smaller than a 0,3 mm focus spot and thus can be loaded with a power level of only 20 % of that permissible for the 
larger 0.3 mm focus spot. Thus, the smaller focus necessarily requires longer, about five-fold exposure times in the 
imaging of comparable objects and is more likely to cause motion blur in the image if the patient moves during the 
exposure. ^ 

Since the area of a 30 urn pixel is only a quarter of the 60 urn pixel area, in principle the 30 jim pixels require a 
our-fold radiation dose onto the imaging sensor in order to achieve the same sensor output signal level as with the 
larger pixels, which radiation dose is exactly the same as required for magnification exposures using a conventional 
imaging method. However, because the radiatran passed through the object and attenuated therein need not in the 
method according to the invention to travel but for a very short distance in air prior to impinging on the imaging means 
as compared with the situation in a conventional magnification exposure, the air attenuation of the x-rays remains 
insignificant, whereby in practice a lower radiation dose will be required ascompared to a conventional imaging method 
A further benefit of the mammography application of the present invention is therein that by making "magnificatkjn" 
exposures with a smaller pixel size and using contact exposure, also "magnification" exposures over the entire image 
area can be made if required. Hereby, the drawback of conventional technk^ues is eliminated that if the object is taken 
closer to the x-ray tube, e.g.. a magnification of 2 makes the image on the imaging medium so large that only one 
quarter thereof can be recorded. 

Not being limited by the above-described exemplifying preferred embodiments, the details of the invention may 
be varied and deviated within the scope and inventive spirit of the annexed claims. 



Claims 



1 . A method of imaging an object with the help of electromagnetic radiation, in which method radiation reflected from 
and/or transmitted through an object (0:P:M) is detected by an imaging sensor system capable of delivering an 
electrical output signal conveying the image information obtained from the object {OPM) and which imaging sensor 
system includes a solid-state sensor comprised of a row-and-column fashion arrayed plurality of picture imaging 
elements, in short pixels, characterized in that the imaging sensor system is configured by means of a control 
scheme based on combining, or binning, the radiation-responsive imaging elements of the sensor used in the 
imaging sensor system along the rows and/or columns of the sensor matrix into clusters of a plurality of imaging 
elements, that the charges, which represent the image information obtained from the individual imaging elements 
of said clusters, are straightforwardly binned in their charge (onn and the electrical signal thus formed is taken to 
further processing, and that said binning of imaging elements is performed under external control case by case 
according to the needs of each exposure individually, thereby performing a mutual optimization between the res- 
olution and sensitivity of the sensor. 

2. A method of imaging an object with the help of electromagnetic radiation, in which method radiation reflected from 
and/or transmitted through an object (0:P;|y|) is Detected by an imaging sensor system capable of delivering an 
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electricaloutputsignalconveyingtheimageinformationobtainedfromtheobiect(0;P;M 

; s emtc a'solid-state sensor comprised of a row-and-column fashion arrayed plurality P'^ture ,r.ag-ng 
eLents in short pixels, characterized in that the method applies the TDI-mode .mag.ng technique, whereby 
ih oSt to be imaged and the imaging sensor is arranged a mutual, relative -v-enU^^^^^^^^^ 
5 mode image, which is formed from the object to be imaged on the CCD sensor elements, is transferred at the 

sSl peed with said relative movement and the image information gathered from the object ,s accumulated fo 
an extended Le simultaneously achieving an increased sensitivity of the sensor, that the phys.cal pixe s.ze o 
fhe sensor is selected smaller than that required to achieve the maximum resolution required from senso and that 
hetmaqe blur caused by the relative movement between the object to be imaged and the imaging sensor is 
redded by h Ung the pixel charges in synchronized steps corresponding to the physical size of the CCD sensor 
JJxeTs lereby ^ 
with maximized accuracy. 

3. A method as defined in claim 1 , characterized in that the method is applied in combination with the method defined 
75 in claim 2. 

4. A method as defined in any of claims 1-3. characterized in that the method is applied on CCD sensors. 

a A method as defined in any of claims 1-4. characterized in that the method uses x-rays as the electromagnetic 
.0 Ltion and T.l'Z^iOPM passed through the object is detected by means of an imaging sensor system, 

which is freely configurable within given limits under program control. 



6. 



A method as defined in any of claims 1 -5. characterized in that in the method the analog output signal obteined 
Jomtelr^aging sensor system is converted into digital format surtable for visualizafon by conventional d,splay 



ilUill U iinayMiy ww. .w^. 

25 means and/or storage in digital format on conventional storage means. 

T A mPthod as defined in any of claims 1 -6. characterized in that the imaging eiements. or pixels, of the CCD sensor 
arTb ^Sd ofcSined^^ larger clusters along the rows and/or columns of the sensor matrix that said binning 
ZT^H^zZ^M^\s arranged to occur by transferring into the serial shift register (12) the charges of a 
u?a i^Xag nteleZ^^^^^^ after which the charges transferred and summed into the serial sh«t register are 
SSt from the'maging sensor system, whereby the charges of a plurality of imaging elements are summed 
LTdthainTe vertical direction of the sensor the summing of the charges is -ff /"^^Vj-^^^^^^^^^^^ 
well (1 3) of the imaging sensor system and then transferring therein the contents of the charge wells (13) 
plurality of the serial shift registers (1 2) before the sensing of the sensor output voltage. 

oZts'ntrs sensed subUuent to these steps und^ 
lor the next output sensing operation. 

9 A method as defined in claim 7 or 8. characterized in that said control electronics block (17) 

Inals (VBx), under the control of which the number of pixel charges defined by sad input signals (VBx) are 
46 transferred into said output well (1 3), after which said output signal is sensed. 

surrnumber of empty pixel charges which is equal to the division remainder to be summed into the last sample 
so of the output signal, whereby the row synchronization will not be lost. 

11. A method as defined in any of claims 1 -t 0, characterized in that 

system are binned according to Claim 1 , that the honzontai-direction ^.'^ P x I c^^^^^^^^^^^ ^ 
transferring the charges of the imaging element matrix (10) into the serial 
ss .atime,unti.thenulero.columnsdefinedbytheinputsignals(HBx)aret^^^^^^^^^ 

the read-out of charges from the senal shift register (1 2) .s earned out in the normal manner, and that op 
m^e is setctable by a input signal of the control electronics block of the imaging sensor system. 
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12. A methodasdefinedinanyof claims 1-11, characterized in that a dithered-clockinq schema is aooiiflri t« nn«r=t,«„ 

^0^:?' T '''^ '^^ above^escribed manner. wherebyTe ^ rcompo^^^^^^^^^ 

the charge wells of said serial shift register (12) is essentially eliminated. component or 

13. A method as defined in claim 12, characterized in that each of said serial shift registers (12) is read at its due 

z:^zztj^Tc:T' ^ ^''"^^ ^^^"^^ theVratin of s:ria;sh « 

14. A method as defined in claim 12 or 13, characterized in that the clock signals of the serial shift reaister f12i are 
drn^en to he.r correct states in a controlled manner dunng .he time the charges of the iSs^ elm ^^^^^^ 

lit? 't "'^'^^ ^^^^ s?gnr(lSTof heta^^^^ 

sLnl onf " ^"T'T"" ''^"""'^ '° P^^'°- •'^^ ^=^-9- t^an^fer, dunng rch«me the dock 

rrrJeS sr eSj; (T2r ' " "^^^ "° ^"-^ ^-^^ - 

■ b^Tm?orde?r20*rumt 2^"5V''^ characterized in the pixel size of the CCD sensor is dimensioned to 
oe in tne order ol 20-50 urn by 20-50 jam, most appropriately approx. M um bv 30 um and that the nr„nr=im 
controlled configuration of the CCD sensor and binning of pixels info clustersTs l^ed con^^b ie so'^^^^^^^^^ 

rprormeSoTer^^^ 

IS performed using the maximum available resolution without binning and the normal contact mammooranhv is 
performed using a binned cluster size of 2x2 pixels, that the one and same imaging sensorTystl iSTed i^^^^^^^^^ 
panoramic radiography apparatuses, whereby the binning of pixels is arranged to be freely sTl^cS wJhin a 

sS»r.Lsrx;t s^^^^^^ °' -° — 

xu7u^^rll "'f ^"^ °' "^""^ ' in 'he method is used a control system (80) into which 

he user can enter the exposure parameters required for any desired imaging configuration said param^erde- 

OD?r.t In n? ,i ^ ^"'^ ''"""^ '^^ =°n«~' system (80) synchronizes the 

of'^adtgr^^^^^^^ '^^ ^^'^ °' ^'^nals (START. SY^NC) ^\h the'other funcJdns 

1 7. A method as defined in claim 1 6, characterized in that said control system (80) is run on the basis of user-entered 
parameters stored ,n a parameter memory (82) associated with said control system. "ser-entered 

theSfectt bl ItT' '^'^ '"'^'"^'"^ ^ "^--"^ eniitting electromagnetic radiation onto 

Int r t "^'^ ^PP^^^'"= f "rtf^s^ including an imaging sensor system comprising a solid-state se^o° 

incorporating of a row-and-column fashion arrayed plurality of picture imaging elements in shortXis and sa^ 
apparatus further including means for detecting and/or storing the electrical output signal of said imadng sens^ 
S H ^"T"^'^ "PP^^^^"^ ^ •configuration system for said imaging Tensor syiem 

s^d configuration system permitting the combination, or binning, of the radiation-responsiveTaging eTem^^^^^^^^ 

IraZ; imli:. ''''"^ matrix ir^s" rs of a 

etluh ^ ^ elements and that the sensor system is so connected and controlled that the charges, which 

z^dTrnTdireS^^^^^ 

Z7tZTJa T^T ^P''^'^''' '"""^^'"9 ^ "^^^"^ ^-^'finQ electromagnetic radiation onto 
ncorpSinooar^^^^^^^^ 

roDrti further Z'^n. ' J°" "'^"''^ '^'"^""'^ °' P"^'"^" elements, in short pixels, and said 

.h-T^ T '"'^'"f.' "9"^^^"^ ^^'^'C'ing and/or storing the electrical output signal of said imaging sensor 

Tnd alarat se I^L'n^^^ T '^t''''''^''' ^ ""^^ ''"^^ing sensor system with its controfsystem 

Ln^nr^r rf ' J' ''^'"^'"^ ^ ^^'^''^^ "^^^^^n the Object to be imaged and sa,d 

bTZ^Tr!^'J: rnn '^"'""^ ^^^'''^^ '° '^""^'"^ '^^ charge-mode image formed from the object to 

sizi onhe in or , 'TT " '^"^^ '^^^ ^^'^ ^^'^^'^^ ^^^^-^^nt. that the physical pixel 

and tha t tL fZJhi ' w^'? '° "'^'^'^^^ -^^^"^"^ ^«=°'"«°n required from sensor 

and that the image blur caused by the relative movement between the object to be imaged and the imaging sensor 
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with maximum accuracy. 

20. An apparatus as defined in claim 18. characterized in that said apparatus has an apparatus defined in Cteim.19 
combined tlierewitli. 

^ . ^- i M^irr.^ 1 « 90 characterized in that said configuration system includes a control 

setting the imaging sensor system for any desired imaging conf.gufat.on. 

. ^ ^ .i=.r„ oi Characterized in that said control system (80) incorporates a parameter 

operation of said imaging sensor system. 
23 An apparatus as defined ,n any of claims 18-22, characterized in that the imaging sensor used in the apparatus 
fs a CCD sensor and said means for emitting electromagnetic radiation ,s an x-ray source. 



24. 



A„ apparatuses dsn„«, incain, 23. '^''-^r'^^ZI^'S^'!^^^^'^^^ 
,Fig.T, ) equipped wim an «ay source, ,= a *n^^^^^^^ 

s^aTa":sr2ir=serrr-^sa'sr«.^^^^^ 



25 invention. 
25 



apparatus asde«ne.,nanyo,c«.s.8-«.^^pp^a,us.e^^^^^^^^^ 
30 Charge wells of said serial shift register (1 2). 
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(54) Method and apparatus for imaging an object 



(57) The present invention concerns methods and 
apparatuses for imaging an object by detecting radiation 
reflected from and/or transmitted through the object (O; 
P;M) using an imaging sensor system. To perform an 
optimized selection between the imaging resolution and 
the sensitivity of the imaging sensor, the sensor system 
is configured by means of a control scheme based on 
combining, or binning, the radiation-responsive Imaging 
elements of the imaging sensor along the rows and/or 
columns of the sensor matrix into clusters of a plurality 
of imaging elements. The sensor pixel charges, which 
represent the image information obtained from the indi- 
vidual imaging elements of said clusters, are straight- 
foHA^ardly binned into the clusters in their charge form. 
According to a second method of the invention, the TDI- 
mode imaging technique is applied and a mutual, rela- 



tive motion is arranged between object to be imaged and 
the imaging sensor. The charge-mode image, which is 
formed from the object to be imaged on the CCD sensor 
elements, is transferred at the same speed with said rel- 
ative movement and the image infomnation gathered 
from the object is accumulated for an extended time si- 
multaneously achieving an increased sensitivity of the 
sensor. The physical pixel size of the sensor Is selected 
smaller than that required to achieve the maximum res- 
olution required from sensor and that the image blur 
caused by the relative movement between the object to 
be imaged and the imaging sensor is reduced by shifting 
the pixel charges in synchronized steps corresponding 
to the physical size of the CCD sensor pixels, whereby 
the tracking of the relative movement between the ob- 
ject to be imaged and the CCD sensor occurs with max- 
imum accuracy. 
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